The seasonality of the Madden-Julian Oscillation (MJO) is documented in observational 5 data and a nonlinear shallow water model is used to help interpret some of the contrasts 6 in MJO structure between the boreal winter season (November-March: NDJFM) and the 7 Asian summer monsoon season (June-August, JJAS). At upper tropospheric levels, the flank-8 ing Rossby waves remain centered ∼28
Introduction

24
Madden and Julian (1971, 1972) Oscillation (MJO), no significant coherence was found between the meridional wind field 29 and the zonal wind or precipitation anomalies. Subsequently, Zangvil (1975) noted that the are summarized and further discussed in Section 7. 
Data and Methods
79
The data and methods used in this study closely follow those in AW1-3. We make 80 use of the 1.5
• longitude × 1.5
• latitude horizontal resolution, 00Z daily surface and pressure in the plots presented here are scaled to the approximate value of the 95% confidence interval as in Zhang and Dong (2004) . In this sector the belt of high vertically integrated moisture migrates from ∼5
• S in the boreal winter to ∼7
• N in the boreal summer, collocated with the of highest climatological-mean specific humidity, as inferred by comparing these fields with 153 the mean column integrated water vapor in Fig. 2 , and as pointed out by Zhang and Dong (2004) .
155
In the remainder of this section and the next two sections we will contrast the struc- found that a shift of a month in the beginning or end dates has very little effect. advection of temperature anomalies in the flanking Rossby waves by the zonal mean wind, both of which tend to be stronger in the winter hemisphere.
180
The structure of the flanking Rossby waves is revealed in further detail in the warm 181 pool composite centered at the time when PC1 is maximum (WPC1) of 100−300 hPa geopo- the following form is turned on.
where θ is the latitude, θ p is the latitude of the center of the heat source, λ is the longitude, though the MJO is a propagating disturbance, the heat source prescribed here is stationary.
218
It can be shown that the vorticity tendency arising from MJO propagation is negligibly 219 small when compared to the other terms in the vorticity balance discussed in this section. and Gill (1987) . This response, however, does 235 not match the observed upper tropospheric structure of the MJO in Fig. 5a , because the
236
Rossby wave response is too equatorially focused, and the strongest response in observations 237 is in the winter, rather than the summer hemisphere.
238 Figure 7b shows the response to a heat source centered on 5
• S (as in Fig 5b) with Rossby wave response is stronger in the hemisphere with the stronger diabatic heating.
247
In Fig. 7c,d column-integrated water vapor are highest, as shown in Fig. 1 .
265
Now let us consider the contrasting structure of the MJO-related OLR and lower 266 tropospheric geopotential height Z and wind anomalies during boreal winter and summer.
267
Five panel sequences, constructed using the warm pool compositing technique described in provides the lifting that maintains and in some cases amplifies tropical weather systems.
322
In AW2 we showed that this mechanism is operative in maintaining the robust swallowtail and we show how they contribute to the contrasting and propagation of the rain bands.
326
The top panel of Fig convergence are roughly comparable in magnitude and thus contribute about equally to the 339 observed structure of the rain area, depicted by the OLR anomalies in Fig. 5a . 
where asterisks correspond to 20-100 day filtered anomalies, extracted by using a 101-point
354
Lanczos filter (Duchon 1979) , and the angle brackets represent a mass-weighted integral from hemisphere.
378
The results shown in Fig. 11 indicate that seasonal differences in the pattern of hori- 
where overbars and primes correspond to the low-frequency background state and eddy components, respectively. These components are separated by using a 101-point Lanczos 
where the double primes denote fields that have been 20-day timescale highpass filtered. 
where F is the term in Eq. 5 and ||()|| is the integral of () over the domain 30
• N/S and within to be organized differently during the two contrasting seasons.
485
Throughout most of the year the MJO is the dominant mode of intraseasonal vari- 
663
The location of the center of the heat source is marked by a red circle in both 
673
The longest arrow in all panels corresponds to a wind speed of ∼0.7 m s −1 . * (shaded), and (c) the column-integrated net moistening from vertical moisture advection and the apparent moisture source/sink Q * 2 (shaded). ∂ q * /∂t and the 500-850 hPa averaged wind field are shown as contours and arrows, respectively, in the bottom two panels. Shading is in units of 10 −1 kg m −2 . Contour interval 0.025 kg m −2 day −1 . Only arrows corresponding to wind anomalies that are found to be statistically significant at the 95% confidence interval are shown. The largest wind vector is ∼1 m s −1 . Red and blue circles depict the ∆χ maximum and minimum, respectively. 
